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INTRODUCTION

Long-term

Atmospheric

Measurements

-Essential to

Miss io n to

Plan e t Earth

Over the last three or four

decades scientists have

achieved a major advance in

our understanding of Earth's

atmosphere. Until the 1950's, there were
few reliable measurements of what the

atmosphere itself was made up of, and

as a consequence, there Was no reason

to think that it was anything other than

a relatively stable and unchanging mass

of air. Since then, instrumental and

technological advances have led to

much better measurements that reveal

distinct regions of Earth's atmosphere-

distinguished by their temperature

structure and chemical composition

(see Figure 1). The composition within

these regions is constantly evolving and

is influenced both by natural changes

and changes due to human activity.

Natural changes occur frequently.

For example, seasonal changes result

from changes in the amount of radiation

reaching the atmosphere from the Sun

over time. There are also day-night

changes, for the same reason. More

exotic influences include fluctuations in

the solar wind and in cosmic rays from

space, which also affect conditions in

the atmosphere. Dramatic physical

events such as volcanic eruptions inject

dust, ash, and a variety of chemical

compounds into the stratosphere.

According to data from satellites

now in operation, the 1991 eruption of

Mount Pinatubo, the largest volcanic

eruption this century, has had a major

impact on stratospheric chemistry by

increasing the amount of sulfate aerosols

(suspensions of solids or liquids in

gases) in the lower stratosphere.

Today, most studies of the atmo-

sphere focus on one of two interrelated

phenomena resulting from human

activity. One major concern is that of

stratospheric ozone depletion caused by
man-made chemicals such as chlorofluo-

rocarbons (CFC's), used as refrigerants,

cleaning solvents, and aerosol propel-

lants. The ozone layer protects life on
Earth from hazardous ultraviolet radia-

tion from the Sun and so any weakening

of that protective

layer is a potential
threat to Earth's life

forms.

The second

major concern is the
increase in atmo-

spheric concentration

of gases such as

carbon dioxide,

methane, and nitrous

oxide that at high

concentrations are

capable of trapping
solar heat in the

atmosphere, prevent-

ing it from being

reradiated to space,

and so potentially

Figure 1.. Graph

showing the
d(ff erent regions
of the Earth's
atmosphere,
delineated by the
temperatuve
variation with

height.





warming the planet-the "greenhouse effect." Re-

searchers believe that increases of these gases-as a

result, for example, of continuing world industrial-

ization and more intensive farming-may eventually

cause global average surface temperatures to rise

significantly, with important consequences for

agriculture, sea level, and weather patterns.
It has become clear to concerned scientists that

a comprehensive study of Earth's atmosphere is

necessary to establish the nature and significance of

these changes in its composition and behavior.

Because of the complexity and the dynamic nature

of atmospheric chemical interactions, any attempt to

understand these processes requires the simulta-

neous measurement of a large number of chemical

species.

Two types of scientific investigations are

required: global-scale studies of the trends of

atmospheric change and more localized studies of

the details of these changes, to serve as the founda-

tion for future predictions. Space-based measure-

ments can provide global-scale studies, since global

coverage of the entire atmosphere can be obtained

in a short period of time. More localized, detailed

studies are best conducted with instruments flown

on aircraft and balloon platforms from a number

of locations around the globe. Scientists need

these data as soon as possible if they are to

understand the middle and upper atmosphere in

sufficient detail to forecast the effects of present

and future alterations in its composition.

So a long-term, space-based measurement

program, together with continued balloon and

aircraft-borne investigations, is essential to moni-

tor the predicted effects, to determine to what

extent the concentration measurements agree with

current models of stratospheric chemistry, and to

determine the condition of the ozone layer. The

AtmosphericTrace Molecule Spectroscopy

(ATMOS) Experiment is currently making compre-

hensive, global measurements of Earth's atmo-

sphere as part of the Atmospheric Laboratory for

Applications and Science (ATLAS) program on the

Space Shuttle. Part of NASA's Mission to Planet

Earth, ATLAS is a continuing series of missions to

study Earth and the Sun and provide a more

fundamental understanding of the solar influences

on Earth's atmosphere.



THE ATMOS PROGRAM

The ATMOS Program is

designed primarily to mea-

sure the detailed composi-

tion of the stratosphere by

detecting as many of its constituent

gases as possible and determining how

they are distributed vertically and hori-

zontally. The ATMOS instrument detects
variations in the amount of radiation

from the Sun at infrared (IR) frequencies

as the radiation passes through the

atmosphere and is absorbed by the

molecules present in its path. Records
of these variations as a function of

frequency are called absorption spectra,

and the information they contain ulti-

mately enables researchers to establish

an important simultaneous inventory of

upper atmospheric constituents.

The scientific objectives of the

A TMOSprogram include the following:Figure 4:
The limb-

sounding
tecbnique from
the Shuttle. The

rays of light from
the Sun to the

spacecraft are
called "line-of-
sigh t" rays.

• To provide an inventory of the

constituent gases of the Earth's

atmosphere.

• To determine how these gases

are distributed in the atmosphere

as a function of height, latitude,

and longitude.

• To determine how the inventory

changes with the seasons.

• To determine the lifetimes of gases in

the atmosphere i.e. how long on aver-

age a gas molecule survives. This infor-

mation is necessary for predicting the

long-term consequences of current

human activities which alter atmospheric

composition.

• To study the effects of changes in

solar output on the atmosphere.

The ATMOS instrument uses a

technique called limb sounding from the

Shuttle to acquire information with

regard to the concentrations and distri-

butions of the gases present in the

Earth's atmosphere; this technique is

illustrated in Figure 4. The instrument

detects solar IR radiation at wavelengths

between 2.5 and 16 micrometers (btm)

during the numerous sunsets and sun-

rises experienced from the orbiting

Shuttle. Because the molecules of

interest absorb radiation at very specific

wavelengths in this infrared region, in

amounts proportional to the number of

molecules present, the absorption

patterns in the spectra identify each

species present as well as its concentra-

tion. Examples of the absorption pat-

terns for a number of atmospheric

molecules at different heights above the

surface are shown in Figure 5.
The instrument makes successive

measurements as the Sun either de-

scends toward or rises above the Earth's

surface with the Sun's rays passing

through the atmosphere before reaching

the instrument. As the Shuttle moves,

this line of sight between the Sun and

the instrument eventually is either



blocked by the Earth or rises above the

atmosphere. In a typical orbit, the height

of the line-of-sight ray with respect to

the Earth's surface during orbital sunsets

and sunrises changes at a rate of about 1

to 2 kilometers per second; the ATMOS

instrument was designed to record one

complete spectrum every two seconds,

and it thus obtains vertical distribution

information of the upper atmospheric

constituents with a resolution of 2 to 4

kilometers at all altitudes up to 140
kilometers.

HEIGHT
35 km

25 km

CFC-12 16 km

11 km

5 km

900 lO00

FREQUENCY (cm "1)





THE ATMOS INSTRUMENT,

The ATMOS sensor, devel-

oped at NASA's Jet Propulsion

Laboratory as part of a long-

term atmospheric measure-

ment program, is a state-of-the-art version

(see Figure 6) of an instrument invented in

the 19th century by Nobel-laureate physi-

cist Albert Michelson from the University

of Chicago. It uses the interference prop-

erties of light to determine the frequency

characteristics of

radiation passing

through it by

splitting the

incoming light
into two beams

and then, by the

use of moving

mirrors, varying the distance one of the

beams travels with respect to the other

before they are recombined. Interference

patterns are created that contain informa-

tion on the frequencies and intensities of

the light rays in the incoming light beam.

The major elements of the ATMOS

instrument (see Figure 7) are a suntracker,

a telescope, an interferometer, an IR

detector, and a data processor. The

suntracker keeps the field-of-view (FOV)

of the instrument positioned on the Sun,

and the telescope gathers the solar radia-

tion for optical processing by the interfer-
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ometer. To improve performance, the

wavelength region covered by the instru-

ment-near and middle infrared (IR)

wavelengths from 2.5 to 16 lam-is divided

into smaller intervals using selectable

bandpass filters. During a data-gathering

sequence, radiation exiting the interferom-

eter is passed through one of these filters

and is then focused onto a mercury-

cadmium-tellurium (HgCdTe) detector,

mechanically cooled to 77 Kelvin (K). The

output from the detector is amplified,

filtered and digitized and, during a normal

mission, is then multiplexed into the

downlink telemetry system or recorded on
an on-board recorder. Table 1 shows the

species that can be identified using each

optical filter.

The pointing capability of the

suntracker provides nearly hemispheric

coverage for acquiring the Sun at sunset or

sunrise. In the tracking mode the FOV is

centered on the Sun, but its position is

commandable to any location on the disc.
Radiation enters the instrument via the

suntracker and passes to the telescope

system, whch defines the instrument FOV

and the size of the beam by the use of a

very small selectable aperture. This aper-

ture, through which the light must pass

before it enters the interferometer, is

located in the center of a metal disc. Light

rejected by the disc
is reflected to a

16mm frame

camera that

records, at the end

of each full scan,

an image of the

Sun with the

field-of-view

superimposed on

it (Fig u re 8.)

Figu re & Fra me

camera image of

the Sun with the

ATMOS field of
view (FO V)

superimposed.



ATMOS SCIENCE RESULTS

The

Spacelab-3

Hight

ATMOS was flown for the

first time from April 29 to

May 5, 1985, as part of the

science payload on board

the Spacelab-3 Space Shuttle mission.

On that first flight, the instrument de-

tected the presence of some 40 different

atmospheric constituents up to heights

of 150 kilometers. The data from the

flight produced the first simultaneous

inventory of the majority of important

stratospheric trace gases, including most
of the molecules involved in ozone

photochemistry (Figure 9). The instru-
ment observed a total of 20 sunset and

sunrise events and acquired 1,192

atmospheric spectra and 1,474 direct

solar spectra containing no atmospheric

absorption features.

The geographic locations of the

measurements are shown in Figure l O.

The observed sunsets took place be-

tween the latitt_des of 26 and 34 degrees
--.

North, and the sunriscs near 48 degrees

South latitude. A comparison of the
results from individual sunset measure-

ments suggests that there was little

variability around the northern latitudes

and longitudes sampled, with somewhat

more variability apparent at southern

latitudes. Part of this difference in

variability might have been due to the

differences in the seasons represented

by the measurements; it was early spring

in the northern hemisphere at the time

of the measurements and early fall in the

southern hemisphere.
The mission was also able to obtain,

important information regarding the air

circulation patterns at play during the

observation period. From an orbiting

spacecraft, the observed frequency of

the sunlight passing through the Earth's

atmosphere changes as the spacecraft

shifts from traveling toward the Sun at

sunrise to going away from the Sun at
sunset_much as a train's whistle shifts

in frequency as the train roars by an

observer. These frequency changes are

measurable in the atmospheric spectrum.

Atmospheric motions due to winds also

contribute to these shifts, and by using

this information it was possible to

calculate the speed of zonal winds with

a precision of some 2 meters per second

throughout the stratosphere and meso-

sphere.
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ATMOS SCIENCE RESULTS

_C

Atlas-1

Flight

ATLAS-1, the first Atmo-

spheric Laboratory for

Applications and Science

mission, flew on the Space

Shuttle Atlantis from March 24 to April 2,

1992, with ATMOS among the 13 experi-

ments on board. During the ATLAS-1

flight, ATMOS observed 99 sunsets and

sunrises across latitudes from 55 degrees

South to 30 degrees North (Figure 11).

There were also three dedicated solar

observations, taken on the solar limb

rather than centered on the disk as in

1985, using ATMOS's field-of-view

positioning capability. The ATLAS-1 data

set was nearly ten times the size of that

taken in the 1985 flight.

One of the unique results of the

1992 observations was the influence on

the atmosphere of the Mount Pinatubo

volcanic eruption in 1991. This was the

largest volcanic eruption on the planet

in this century, ejecting large quantities

of sulfate aerosols into the stratosphere,

detectable in the ATMOS data (Figure

I2). The residual effects of this eruption

are expected to remain for many years
to come.

Figure 11:
The geographic
locations of the
A TMOS atmo-

spheric measure-
ments from
A TLAS-I.

The science objectives for the investiga-

tion in I992 included the following:

• To determine how the atmosphere has

changed since 1985 due to both human

activities and natural disturbances. The

ATLAS-1 mission offered an unprec-

edented opportunity to observe the

volcanically perturbed atmosphere by

looking through the aerosol layer cre-

ated by the eruption.

• To determine the latitudinal variation

in atmospheric composition from the

tropics to mid-latitudes. Because of

circulation patterns, tropospheric air

enters the stratosphere in the tropics and

then moves toward the poles. The

stratospheric air in mid-latitudes is thus

"older" than tropical air, and by studying

the atmosphere in different latitudinal

regions, scientists can determine how

long certain molecular species, for

example the CFC's, exist at the higher

atmospheric altitudes.

• To provide measurements for com-

parison with those being made by

instruments on the Upper Atmosphere

Research Satellite (UARS), launched in

1991 to study stratospheric change and

ozone depletion.

• To determine to what extent the

concentration measurements agree with

current models of stratospheric chemis-

try, used for predicting future atmo-

spheric changes.

Early analysis of the ATLAS-1 data

set indicates that many of the types of

changes which were predicted by the

earlier chemical models of the strato-

sphere have occurred since the last

ATMOS flight in 1985. Dramatic evi-
dence for the increase in CFC's in the

atmosphere is illustrated by the two

spectra (Figure 13)which show the

absorption due to these molecules in
1985 and later in 1992.
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ATMOS and other measurements and

modeling programs have provided
critical evidence that CFC's and other

anthropogenic chemicals contribute to

ozone depletion. As a result, with the

signing of the Montreal Protocol in

1987 and its subsequent strengthening

in 1990, world accord has been

reached on phasing out the manufac-
ture and use of CFC's in the industrial-

ized countries. As these products are

phased out, the task will still remain to

monitor the long-term effects of those

gases which have already been re-

leased into the atmosphere as they are

slowly mixed (2 to 5 years) into the

stratosphere and begin to interact with

the ozone layer. Because of the slow-

ness of the process, the residual effects

of the CFC's will be present for many

years into the future. ATMOS will

continue to be part of the core pay-

load of the ATLAS program with the

flight of ATLAS-2 in 1993, and as

such is expected to continue the

monitoring efforts, which began

with the Spacelab-3 flight, into the

next century.






